A p-conjugated tetrathiafulvalene-fused perylenediimide (TTF-PDI) molecular dyad is successfully used as a solution-processed active material for light sensitive ambipolar field-effect transistors with balanced hole and electron mobilities. The photo-response of the TTF-PDI dyad resembles its absorption profile. Wavelength-dependent photoconductivity measurements reveal an important photo-response at an energy corresponding to a PDI-localized electronic p-p* transition and also a more moderate effect due to an intramolecular charge transfer from the HOMO localized on the TTF unit to the LUMO localized on the PDI moiety. This work clearly elucidates the interplay between intra-and intermolecular electronic processes in organic devices.
Donor-acceptor (D-A) dyads have been investigated for a long time in the eld of molecular electronics since they can give rise to an intramolecular electron transfer promoted by an external stimulus like light irradiation. From a completely different perspective, these molecular systems have also been more recently the focus of attention in order to prepare ambipolar organic eld-effect transistors (OFETs), which are of great interest in fabrication of organic integrated circuits. Ambipolar OFETs have been prepared by mixing two semiconductors (p and n), although unicomponent devices are more appealing for their ease of fabrication. 1 The covalent linkage of electron donor (D) and acceptor (A) moieties leads to a low HOMO-LUMO gap which allows efficient injection of both holes and electrons. Very recently, high performance ambipolar OFETs based on soluble D-A polymers have been reported. [2] [3] [4] However, ambipolar devices based on solution-processed D-A molecules are much more scarce and their performance lies well below their polymer counterparts. 5, 6 Furthermore, in all these molecular D-A based devices the inuence of a possible intramolecular charge transfer (ICT) on the intermolecular transport has not been explored.
The fused tetrathiafulvalene-perylenediimide (TTF-PDI) D-A dyad with a largely extended p-conjugated skeleton shown in Fig. 1a has previously been described to exhibit a photoinduced ICT in solution. 7 Here we report on the fabrication of OFETs based on this material and remarkably we demonstrate that such ICT phenomena can also be observed in the devices. A number of examples related to TTF derivatives as high performing active p-channel materials in OFETs have been reported. [8] [9] [10] [11] [12] [13] [14] Similarly, PDI derivatives as active n-channel materials have been known as well. [15] [16] [17] In the present work, it is demonstrated that solution-processed lms of TTF-PDI combine the transport characteristics of the separate units since they exhibit marked ambipolar behaviour with balanced hole and electron eld-effect mobilities. Additionally, the photo-response of this device is carefully explored and high photoconductivity effects at specic light wavelengths are observed corresponding to characteristic electronic absorption bands of the PDI core and, very interestingly, to an ICT process from the TTF donor to the PDI acceptor units.
The HOMO-LUMO gap (E g ) of the TTF-PDI dyad was deduced from the onset of the lowest ICT absorption band measured in a thin-lm on a quartz substrate and amounts to about 1.1 eV, which is in good agreement with the electrochemical HOMO-LUMO gap of 1.1 eV.
7 Such a small band-gap makes TTF-PDI a very promising ambipolar semiconductor for OFETs in which both holes and electrons are injected and transported.
OFETs based on solution-processed lms of the TTF-PDI dyad were prepared by drop casting its CH 2 Cl 2 solution (c ¼ 1 mg ml À1 ). The device conguration employed is a bottom-gate bottom-contact architecture (BGBC) using interdigitated gold source and drain electrodes. All the devices were prepared and analysed under inert conditions. In the output characteristics of the as-prepared devices, a distinct eld-effect for the hole channel regime was observed (see ESI, Fig. S1 †). In contrast, for the electron channel regime, no eld-enhanced source-drain current was observed with increasing V G . When the devices were annealed in the dark under inert conditions, an increase of the device performance in the hole operation regime was observed. But much more interestingly, the devices started to show an enhanced source-drain current also in the electron channel regime when annealed at a temperature higher than 120 C. In order to unravel the optimum annealing conditions for the fabrication of ambipolar OFETs with maximum balanced charge carrier mobility, the devices were annealed at different temperatures (see ESI, 
and m eÀ ¼ 1.5 Â 10 À3 cm 2 V À1 s À1 for holes and electrons, respectively. Similar threshold voltages were found for holes and electrons with V th ¼ À31 V and V th ¼ +32 V, respectively. An "S"-shape in the current-voltage characteristics for both hole and electron channel regimes is observable at low V D which might be related to charge injection barriers. However, the balanced hole and electron transport characteristics make TTF-PDI highly appealing for the construction of ambipolar devices.
To demonstrate the feasibility of using solution-processed TTF-PDI ambipolar OFETs in complementary circuits, an inverter NOT gate was built. Fig. 2 shows the transfer characteristics of a complementary-like voltage inverter based on two ambipolar OFETs using TTF-PDI as an active material with the channel dimensions for T1 and T2: W ¼ 10 mm and L ¼ 10 mm. The insets show the calculated gain of up to 9 as well as a scheme of the inverter circuit. This result stays in fairly good agreement compared with inverter circuits prepared from other molecular ambipolar semiconductors. Consequently, the photoresponse of the prepared devices has been investigated. TTF-PDI-based OFETs were irradiated with light using a solar simulator with an intensity of 100 mW cm À2 .
A strong increase in source-drain current (I D ) up to almost 200% was observed, due to the photogeneration of charges.
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The maximum increase of the source-drain current (I D ) upon sample illumination takes place at gate voltage V G ¼ 0 V. This suggests that, as expected in this conguration, the number of photo-induced charge carriers in the experiment is much smaller compared to the gate-induced charge carriers at higher |V G |. Fig. 3a shows a typical measurement of I D (t) normalized to the dark-current I D0 ¼ 43 nA, obtained at V D ¼ +30 V and V G ¼ 0 V. The source-gate leakage current (I G ) is also plotted in the graph, showing that it is not affected by the light irradiation. The response of the devices to light is reversible. These results demonstrate that, in addition to the gate voltage, incident light can be used to control the electric conductivity of TTF-PDI based devices. This photo-gating effect is highly desired for the emerging of multi-functional devices.
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In order to explore the wavelength dependent response of the I D , photoconductivity spectra of the TTF-PDI lms were measured and compared with their UV-vis absorption spectra (Fig. 3b) . The photoconductivity in terms of the external photonto-photogenerated charge conversion efficiency was measured as a function of incident photon energy. The external quantum efficiency (EQE) is evaluated as the ratio between the collected photogenerated charge (q) and a number of incident photons (N ph ). The q/N ph ratio as a function of photon energy is shown in the logarithmic scale in Fig. 3b . The experiment was performed in two steps due to the employed laser and measurement setup: rst in the range from 720 nm to 1100 nm and then between 420 nm and 710 nm. Very importantly, the EQE spectrum highly agrees with the optical absorption spectrum measured for a TTF-PDI thin-lm on a quartz slide (inset Fig. 3b) .
The EQE in the region above 2.6 eV (477 nm) monotonically increases with photon energy due to the formation of free holeelectron pairs. A pronounced broad peak was found between 2.2 eV and 2.5 eV (564-496 nm). In this region, EQE is almost one order of magnitude higher than it is in the remaining part of the spectrum. The EQE lineshape suggests that the broad peak represents a convolution of a number of narrow peaks. This spectral response range matches well with the intense absorption bands which are attributed to the PDI-localized electronic p-p* transitions. Furthermore, an important increase in EQE between 1.1 and 1.5 eV (1127-827 nm) is in good agreement with the rst absorption band of TTF-PDI, which is attributed to an intramolecular charge transfer (ICT) from the HOMO localized on the TTF donor to the LUMO localized on the PDI acceptor.
7 To the best of our knowledge, this is the rst time that the ICT in a D-A dyad in the solid state was visualized in this architecture by determining EQE as a function of photon energy. Essentially, we can state that the effect of an electronic intramolecular phenomenon on the intermolecular transport has been observed, which brings new perspectives into this eld.
In summary TTF-PDI as a solution-processed active layer material in organic ambipolar OFETs shows high performance, and almost ideal ambipolar device characteristics when prepared under inert conditions. Balanced eld-effect mobilities of up to m h+ ¼ 0.5 Â 10 À3 cm 2 V À1 s À1 and m eÀ ¼ 1.5 Â
10
À3 cm 2 V À1 s À1 for holes and electrons, respectively, were found. Moreover, using these OFETs an inverter circuit was build indicative of possible applications of the TTF-PDI dyad for complementary organic circuits. Importantly, they are sensitive to light exposure with a completely reversible response upon illumination with the full solar spectrum. The EQE spectral response of the TTF-PDI dyad resembles its absorption prole. Wavelength-dependent photoconductivity measurements reveal a pronounced effect in the energy range from 2.2 to 2.5 eV which corresponds to PDI-localized electronic p-p* transitions and, very importantly, an increase in the photoconductivity between 1.1 and 1.5 eV which is attributed to an intramolecular charge-transfer from TTF to PDI moieties. This study has identied the high potential of the TTF-PDI dyad for electronic and optoelectronic applications, and elucidates that intramolecular and intermolecular electronic processes can interplay in an organic-based device. 
